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(54) Pole-piece unit for an MR! magnet 

(57) A magnetic field generator comprises a pair of 
pole-piece units. The pair of pole-piece units respective- 
ly include plate yokes. Each of the plate yokes includes 
a surface facing the other's and provided with a perma- 
nent magnet group and a pole piece. The pole piece In- 
cludes an annular projection having a plurality of annu- 
lar-projection pieces and a permanent magnet for re- 
duction of magnetic flux leakage installed on an outside 
surface of each annular-projection piece. When assem- 
bling the pole piece, first, the permanent magnet for re- 
duction of magnetic flux leakage is fixed on the outside 
surface of each annular-projection piece. At this time, 
the pennanent magnet is slid on the flat outside surface 
of the annular-projection piece, to a desired position on 
the annular-projection piece, and then fixed. Each of the 
annular-projection pieces mounted with the permanent 
magnet is fixed on a base plate. At this time, the an nular- 
projection piece is lowered on a guide stake attached 
on the base plate, allowing the stake into a guide hole 
formed in the annular-projection piece, thereby guiding 
the annular-projection piece onto the base plate. The 
pair of pole-piece units are magnetically connected by 
a column yoke. The permanent magnet for reduction of 
magnetic flux leakage may be disposed with a magnet- 
izing direction thereof being slanted with respect to a 
main surface of the permanent magnet group. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a pole-piece 
unit, a nnethod for assennbling the same, and a magnetic 
field generator. More specifically, the present invention 
relates to a pole-piece unit, a method for assembling the 
same, and a magnetic field generator used for an MRI 
apparatus and so on which requires an intense magnet- 
ic field greater than 0.3 T. 

Description of the Related Art 

[0002] In this kind of large magnetic field generator, 
e.g. a magnetic field generator for an IVIRI, in order to 
reduce magnetic flux leal<age from pole pieces and to 
concentrate the magnetic flux effectively onto a space 
between the pole pieces, the applicant of the present 
Invention proposed an arrangement, as disclosed in the 
Japanese Utility Model (of examined Application for op- 
position) No. 2-49683. in which a permanent magnet for 
repelling the magnetic flux leakage Is provided on an 
outside surface of an annular projection. 
[0003] When an intense magnetic field is required in 
this related art, a R-Fe-B magnet which has an intense 
magnetic power is used as the permanent magnet. In 
this case, the permanent magnet to be bonded comes 
under an Intense repelling force when brought near the 
permanent magnet which is already bonded. Thus, it is 
difficult to bond the pemnanent magnet to the annular 
projection which is fonned as a single piece, resulting 
In a poor production efficiency. 
[0004] Further, according to the above related art, the 
permanent magnet for repelling the magnetic flux leak- 
age Is a magnet magnetized in a direction in parallel to 
a main surface of a pennanent magnet used for gener- 
ation of the magnetic field. If a uniform space is to be 
enlarged, the amount of magnet must be Increased, 
causing a problem of increased cost. 

SUMMARY OF THE INVENTION 

[0005] It is therefore a primary object of the present 
invention to provide a pole-piece unit, a method for as- 
sembling the same, and a magnetic field generator for 
improved production efficiency. 
[0006] Another object of the present invention is to 
provide a magnetic field generator in which the unifonn 
space can be Increased without increasing the cost. 
[0007] According to an aspect of the present inven- 
tion, there is provided a pole-piece unit comprising: a 
plate yoke; a permanent magnet group provided on a 
main surface of the plate yoke; and a pole piece provid- 
ed on a main surface of the permanent magnet group; 
wherein the pole piece includes an annular projection 



having a plurality of annular-projection pieces, and a 
permanent magnet for reduction of magnetic flux leak- 
age provided on an outside surface of each of the an- 
nular-projection pieces. 

[0008] According to another aspect of the present in- 
vention, there is provided a method for assembling a 
pole-piece unit, comprising: a first step of fixing a per- 
manent magnet onto an outside surface of an annular- 
projection piece; and a second step of fixing the annular- 
projection piece already mounted with the permanent 
magnet onto a main surface of a base plate. 
[0009] According to this invention, the permanent 
magnet is fixed in advance onto the outside surface of 
each annular-projection piece, and a predetemnlned 
number of the annular-projection pieces each mounted 
with the permanent magnet are installed onto the base 
plate. Therefore, there is no need for installing the per- 
manent magnets to the annular projection which has 
been disposed on the base plate. Thus, fixation of the 
permanent magnets becomes easy, and assembling of 
the pole-piece unit becomes easy, making possible to 
improve productivity in manufacture of the pole-piece 
unit. 

[0010] According to another aspect of the present in- 
vention, there is provided a magnetic field generator 

comprising a pair of the pole-piece units, and a column 
yoke magnetically connecting the pair of the pole-piece 
units. 

[001 1] According to this invention, by using the above 
pole-piece unit which can be assembled easily, the mag- 
netic field generator Is obtained easily, and productivity 
is increased. 

[0012] Preferably, in the above method for assem- 
bling the pole-piece unit, the annular-projection piece 
has a guide hole; and the second step includes a step 
A of attaching a guide stake to the base plate, and a 
step B of guiding the annular-projection piece already 
mounted with the permanent magnet to the main sur- 
face of the base plate, by inserting the guide stake into 
the guide hole. In this case, the annular-projection piece 
can be guided to a desired place on the base plate, and 
therefore, positioning of the annular-projection piece be- 
comes easy and the assembling of the pole-piece unit 
becomes easy. 

[0013] According to still another aspect of the present 
invention, there is provided a method for assembling a 
pole-piece unit including an annular-projection piece 
having a flat outside surface, wherein a permanent mag- 
net is slid on the outside surface for fixation of the per- 
manent magnet to a desired position on the annular-pro- 
jection piece. 

[0014] According to this invention, since the outside 
surface of the annular-projection piece is a flat surface, 
the permanent magnet can be slid linearly and easily on 
the outside surface. Therefore, the permanent magnet 
can be easily transported and fixed to a desired position 
on the outside surface of the annular-projection piece. 
Thus, the assembling of the pole-piece unit becomes 
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easy, and productivity In the manufacture of the pole- 
piece unit Is improved. 

[0015] According to still another aspect of the present 
invention, there Is provided a magnetic field generator 
comprising: a plate yoke; a permanent magnet group 
provided on a main surface of the plate yoke; and a pole 
piece provided on a main surface of the permanent mag- 
net group; wherein the pole piece includes an annular 
projection and a pennanent magnet for reduction of 
magnetic flux leakage provided on an outside surface 
of the annular projection, and the pennanent magnet for 
reduction of magnetic flux leakage Is disposed, with a 
magnetizing direction thereof being slanted with respect 
to the main surface of the permanent magnet group. 
[0016] According to this invention, by disposing the 
permanent magnet for reduction of magnetic flux leak- 
age, with the magnetizing direction slanted with respect 
to the main surface of the pennanent magnet group, 
greater amount of magnetic flux can be introduced into 
an imaging space, and the uniform space can be en- 
larged. Therefore, the uniform space of magnetic field 
strength can be enlarged without increasing the amount 
of permanent magnetic be used, and without increasing 
cost. 

[0017] Preferably, the pennanent magnet for reduc- 
tion of magnetic flux leakage is generally rectangular 
parallelepiped, and the magnetizing direction makes an 
acute angle with respect to a main surface of the per- 
manent magnet. In this case, by only disposing the per- 
manent magnet for reduction of magnetic flux leakage 
directly onto the main surface of the permanent magnet 
group, disposition of the permanent magnet for reduc- 
tion of magnetic flux leakage having a desired magnet- 
izing angle can be carried out easily. 
[0018] Further, preferably, the permanent magnet for 
reduction of magnetic flux leakage is generally rectan- 
gular parallelepiped, and is slanted with respect to the 
main surface of the pennanent magnet group. In this 
case, a permanent magnet magnetized in any direction 
can be used as the permanent magnet for reduction of 
magnetic flux leakage. 

[0019] Further, preferably, a dimension of the pole 
piece Is determined in accordance with a magnetizing 
angle of the pennanent magnet for reduction of magnet- 
ic flux leakage. By adjusting the size of the pole piece 
In accordance with a magnetizing angle of the perma- 
nent magnet for reduction of magnetic flux leakage, a 
center magnetic field strength can be Increased without 
Increasing the amount of permanent magnet to be used 
and without increasing cost. Especially, it is more pref- 
erable If the magnetizing angle of the permanent mag- 
net for reduction of magnetic flux leakage Is greater than 
0 degree and smaller than 60 degrees. 
[0020] It should be noted here that in this specifica- 
tion, the term "magnetizing angle" means an angle 
made by a main surface of the permanent magnet group 
and a direction in which the permanent magnet for re- 
duction of magnetic flux leakage Is magnetized. The 



term "uniform space" means a magnetic-field space in 
which the magnetic field uniformity is within 100 ppm. 
The term "center magnetic field strength" means a mag- 
netic field strength at a center portion of the unifonn 
5 space. 

[0021] The above objects, other objects, characteris- 
tics, aspects and advantages of the present invention 
will become clearer from the following description of em- 
bodiments to be presented with reference to the accom- 
10 panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

15 

Fig. 1 is a perspective view showing an outline of 
an embodiment of the present invention; 
Fig. 2 is an illustration showing a primary portion of 
a pole-piece unit; 
20 Fig. 3 is a plan view showing a pole piece; 

Fig. 4 is a perspective view showing a permanent 
magnet; 

Fig. 5A is a perspective view showing an annular- 
projection piece mounted with the permanent mag- 
2s net, Fig. 5B is a plan view thereof; 

Fig. 6 is an illustration showing a step of installing 
the pemnanent magnet to the annular-projection 
piece; 

Fig. 7A is an illustration showing a step of installing 
30 an annular-projection piece on a base plate, Fig. 7B 
and Fig. 7C are illustrations showing an order of in- 
stalling the annular-projection pieces; 
Fig. 8 is an illustration showing a method for Install- 
ing the pole piece on a permanent magnet group; 
35 Fig. 9 is an illustration showing an outline of another 
embodiment of the present Invention; 
Fig. 10 Is an Illustration showing an example of a 
pressing apparatus; 

Fig. 11 A is a graph showing relationships of a mag* 
40 netizing angle with a center magnetic field strength 
and with a diameter of a unlfomn space, Fig. 11 B is 
a graph showing a relationship between the mag- 
netizing angle and the center magnetic field 
strength in a case where the diameter of the unifonn 
space is kept constant; 

Fig, 12 Is a table showing an example of compari- 
son in terms of a total weight of magnets when the 
center magnetic field strength and the distance be- 
tween the pole pieces are kept constant; and 
50 Fig. 13 Is an illustration showing an outline of still 
another embodiment of the present invention, 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

55 

[0023] Now, embodiments of the present Invention 
will be described with reference to the accompanying 
drawings. 
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[0024] Referring now to Fig. 1 , a magnetic field gen- 
erator 10 as a first embodiment of the present invention, 
to be used for an MRI, Is an open type magnetic field 
generator comprising a pair of pole-piece units lla, 11b 
facing each other with a space in between. The pole- 
piece units lla, lib respectively Include plate yokes 12a, 
12b. The plate yol<e 12a includes a generally disc- 
shaped main body 14a and two connecting portions 
16a, 1 8a extending from the main body 14a. Likewise, 
The plate yoke 12b includes a generally disc-shaped 
main body 14b and two connecting portions 16b, 18b 
extending from the main body 14b, 
[0025] The main body 14a of the plate yoke 12a and 
the main body 1 4b of the plate yoke 1 2b have respective 
surfaces faced with each other and provided with per- 
manent magnet groups 20a and 20b. The permanent 
magnet groups 20a, 2Gb have respective surfaces faced 
with each other and provided with pole pieces 22a and 
22b respectively fastened thereto. 
[0026] As shown in Fig. 2, the pennanent magnet 
group 20b includes a plurality of generally rectangular 
parallelepiped unit-piece magnets 24 each made of a 
R-Fe-B magnet for example. The R-Fe-B magnet 
(wherein R represents rare-earth elements Including yt- 
trium Y) is disclosed in the U.S. Patent Nos. 4,770,723 
or 4,792,368. The same applies to the permanent mag- 
net group 20a. 

[0027] The pole piece 22b includes a base plate 26 
made of disc-shaped iron for example, disposed on the 
permanent magnet group 20b. The base plate 26 has 
an upper surface provided with a silicon steel plate 28 
for preventing generation of eddy current. The silicon 
steel plate 28 Is fixed with an adhesive onto the base 
plate 26. 

[0028] The base plate 26 has a circumferential portion 
fomried with an annular projection 32, made of iron for 
example, for increasing magnetic field strength around 
the circumferential portion. As shown in Fig. 3, the an- 
nular projection 32 includes a plurality (e.g. eight, ac- 
cording to the present embodiment) of annular-projec- 
tion pieces 34. Each of the annular-projection pieces 34 
has a concavely arced inside surface and a flat outside 
surface. The annular projection 32 is formed by bolting 
each of the annular-projection pieces 34 with screws 36 
to the base plate 26 of a circumferential portion of the 
silicon steel plate 28. In other words, the annular pro- 
jection 32 is made of the radially divided pieces. The 
annular projection 32, or more specifically each of the 
annular projection pieces 34, Is fonned with two guide 
holes 38 each as a vertical through hole for assembling. 
Each of the guide holes 38 has a threaded inner surface 
to be engaged by a screw 92 to be described later. 
[0029] The outside surface of each annular-projection 
piece 34 is mounted with a permanent magnet 40 for 
reduction of magnetic flux leakage. The permanent 
magnet 40 induces magnetic flux to concentrate be- 
tween the pole pieces 22a, 22b, making possible to re- 
duce the magnetic flux leakage. As shown in Fig. 4, the 



permanent magnet 40 includes a plurality of generally 
rectangular parallelepiped unit-piece magnets 42 each 
made of a R-Fe-B magnet for example. According to the 
present embodiment, a total of sixteen (=2x2x4) 

5 unit-piece magnets 42 are stacked Into a generally rec- 
tangular parallelepiped permanent magnet 40. It should 
be noted here that through holes 44 are formed by cut- 
ting off a comer portion of each unit-piece magnet 42. 
[0030] As will be understood clearly from Fig. 5A and 

10 Fig. 5B, a rectangular retainer plate 46, made of a non- 
magnetic material such as SUS304 and aluminum, Is 
disposed on an outside surface of each pennanent mag- 
net 40 mounted to the outside surface of the annular- 
projection piece 34. The permanent magnet 40 and the 

15 retainer plate 46 are fixed to the annular-projection 
piece 34 by fixing screws 48 inserted through the 
through holes 44. Further, as will be understood from 
Fig. 2 and Fig. 5A, In order to reduce the magnetic flux 
leakage from a bottom portion of the permanent magnet 

20 40, it is preferable that a lower portion of the permanent 
magnet 40 is extended to make the bottom of the per- 
manent magnet 40 contact the permanent magnet 
group 20b. The same applies to the pole piece 22a. 
[0031] Returning to Fig. 1, a movable yoke 50 for fine 

25 adjustment of the magnetic field is disposed at a center 
portion of the plate yoke 12a. The movable yoke 50 is 
provided with three bolts 52 for adjusting vertical posi- 
tion thereof, and three stoppers 54 for regulating the po- 
sition thereof. The same arrangement applies to the 

30 plate yoke 1 2b. The connecting portions 1 6a, 1 8a of the 
plate yoke 12a are respectively provided with threaded 
holes 56 to which hoisting hooks are to be attached. 
[0032] The plate yokes 1 2a, 1 2b as described above 
are magnetically connected by two cylindrical column 

35 yokes 58. The column yokes 58 are respectively dis- 
posed between connecting portions 16a, 16b and be- 
tween the connecting portions 18a, 18b, and fixed to the 
respective connecting portions 1 6a, 1 8a of the plate 
yoke 12a by fixing bolts 60, Further, the plate yoke 12b 

40 has a lowersurface provided with three leg portions 62, 
respectively at a front portion and locations correspond- 
ing to the two column yokes 58. 
[0033] Next, steps of assembling the permanent mag- 
net 40 and retainer plate 46 to the annular-projection 

45 piece 34 in the magnetic field generator 10 will be de- 
scribed with reference to Fig. 6. 
[0034] First, the annular-projection piece 34 is placed, 
with the outside surface thereof facing upward, and fixed 
by fixing screws 66 on a working table 64. The working 

50 table 64 is provided with a positioning jig 68, which is a 
plate-like piece of nonmagnetic material standing to 
contact an end of the outside surface of the annular- 
projection piece 34, i.e. the surface to which the penna- 
nent magnet is fixed. The positioning jig 68 is fixed to 

55 the working table 64 by screws (not illustrated) for ex- 
ample. On the other hand, at the other end of the outside 
surface of the annular-projection piece 34, a sliding ta- 
ble 70 is placed so that the outside surface of the annu- 
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lar-projection piece 34 and an upper surface of the slid- 
ing table 70 beconne generally flush with each other, pro- 
viding a continuous plane. 

[0035] With the above preparation, a first magnet 
block 72 is disposed on the sliding table 70. The magnet 5 
block 72 is a component formed by stacking and bond- 
ing eight (= 2 x 2 x 2) of the unit-piece magnet 42 
shown in Fig. 4. The magnet block 72 is held firmly by 
a holding portion 74 and is pushed by an arm 76 out of 
the sliding table 70 onto the outside surface of the an- 
nular-projection piece 34, sliding on the annular-projec- 
tion piece 34 to contact the positioning jig 68. 
[0036] During the above operation, since the annular- 
projection piece 34 Is made of soft iron, the magnet 
block 72 is strongly attracted to the annular-projection 
piece 34. While being attracted strongly, the first magnet 
block 72 is pushed up by a screw 78 threaded from be- 
neath the working table 64, and an adhesive is applied 
between the magnet block 72 and the annular-projec- 
tion piece 34. Thereafter, the screw 76 is untnreaded lo 
allow the magnet block 72 to bond to the annular-pro- 
jection piece 34. Then, likewise, a second magnet block 
72 is held firmly by the holding portion 74 and is pushed 
by the arm 76 toward the outside surface of the annular- 
projection piece 34. The pushing operation is stopped 
just before reaching a predetennined fixing position, to 
allow application of the adhesive to the predetermined 
fixing position on the annular-projection piece 34, and 
to an end surface of the first magnet block 72. Thereaf- 
ter, the second magnet block 72 Is pushed by the amn 
76 to the predetermined fixing position to complete the 
fixing. It should be noted here that there is a repelling 
force between the magnet block 72 which is already 
fixed and the magnet block 72 which is to be fixed. If the 
magnet block 72 to be fixed is repelled off the surface, 
an air cylinder (not illustrated) may be provided above 
the holding portion 74 to press the magnet block 72 
downward. The magnet blocks 72, i.e. the permanent 
magnets 40 are thus fixed to the outside surface of the 
annular-projection piece 34. In the above operation, 
since the outside surface of the annular-projection piece 
34 is a flat surface, the magnet block 72 can be slid lin- 
early and easily on the outside surface. Therefore, the 
magnet block 72 can be easily transported and fixed to 
a desired position on the outside surface of the annular- 
projection piece 34. 

[0037] Thereafter, the retainer plate 46 is disposed on 
an upper surface of the magnet block 72 and then fas- 
tened by the fixing screws 48. 

[0038] Next, steps for assembling the pole piece 22b 
will be described with reference to Fig. 7A through Fig. 
7C. 

[0039] First, as shown in Fig. 7A, a guide stake 80 is 
threaded into the base plate 26 of the pole piece 22b. 
Next, the annular-projection piece 34, with the perma- 
nent magnet 40 installed thereto, is lowered on the guide 
stake 80, allowing the guide stake 80 into the guide hole 
38 of the annular-projection piece 34, thereby placing 



the annular-projection piece 34 onto the guide plate 26, 
If the annular-projection piece 34 cannot be easily low- 
ered due to repelling force from the annular-projection 
piece 34 which is already installed, then the guide stake 
80 may be formed with a male thread in advance, and 
a mating nut (not illustrated) to be threaded by the guide 
stake 80 may be disposed on the annular-projection 
piece 34. With this arrangement, the annular-projection 
piece 34 can be lowered by tightening the nut. The low- 
ered annular-projection piece 34 is fixed with the screws 
36 onto the base plate 26. Thereafter, the guide stake 
80 is removed. 

[0040] In the above described installation of the an- 
nular-projection piece 34, annular-projection pieces 34 
are first installed at every other positions as shown in 
Fig. 7B, and then, as shown in Fig. 7C, the rest of the 
annular-projection pieces 34 are installed, to fill the po- 
sitions between the annular-projection pieces 34 which 
are already Installed. During the installation, the above 
described rneihod of WiStciitBxion by tight&ning ths-r! Lit is 
desirably used because the repelling force is very 
strong. 

[0041] The pole piece 22b assembled according to 
the above described method, is then fixed onto the per- 
manent magnet group 20b by using a lift 82, for exam- 
ple, as shown in Fig. 8. The lift 82 Includes a lifting table 
84 made of a nonmagnetic material such as a stainless 
steel (SUS304). The lifting table 84 can be vertically 
moved by rotation of threaded driving shafts 88 built on 
a base table 86. The base table 86 has an upper surface 
provided with a turntable 90, on which the plate yoke 
1 2b and the permanent magnet group 20b are disposed. 
The pole piece 22b is suspended by screws 92 which 
penetrate the lifting table 84. The screws 92 are thread- 
ed into respective guide holes 38 of the pole piece 22b. 
By lowering the lifting table 84, the pole piece 22b is 
disposed on the permanent magnet group 20b, and then 
fixed onto the permanent magnet group 20b by screws 
(not illustrated). The same arrangement applies to the 
pole piece 22a. 

[0042] As has been described above, according to the 

magnetic field generator 1 0, the permanent magnet 40 
is fixed in advance onto the outside surface of each an- 
nular-projection piece 34, and a predetermined number 
of the annular-projection pieces 34 each mounted with 
the permanent magnet 40 are installed onto the base 
plate 26. Therefore, there is no need for installing the 
permanent magnets 40 to the annular projection 32 
which has been disposed on the base plate 26. Specif- 
ically, the fixation of the permanent magnet 40 becomes 
easy by dividing the annular projection 32. As a result, 
assembly of the pole-piece units 11a, 11b, and further 
of the magnetic field generator 1 0 become easy, leading 
to improved production efficiency even If there is a need 
for an Intense magnetic field and therefore a R-Fe-B 
magnet is used as the unit-piece magnet. 
[0043] Further, by inserting the guide stake 80 at- 
tached on the base plate 26 into the guide hole 38 of the 
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annular-projection piece 34, the annular-projection 
piece 34 can be guided to a predetennined place on the 
base plate 26. Therefore, positioning of the annular-pro- 
jection piece 34 becomes easy. 
[0044] The magnetic field generator 1 0 as described 
above and a prior art magnetic field generator were 
compared in an experiment in which each was built to 
generate a magnetic field of 0.4 Tina space between 
their respective pole pieces. Results show that the prior 
art, which did not use the pemnanent magnets 40 for re- 
duction of magnetic flux leakage, needed a greater 
amount of pennanent magnet, i.e. 4.9 tons, due to great- 
er magnetic flux leakage. On the other hand, the mag- 
netic field generator 10, which could reduce the mag- 
netic flux leakage by using the pennanent magnets 40, 
needed 3.9 tons of permanent magnet. Therefore, ac- 
cording to the magnetic field generator 10, the amount 
of permanent magnet to be used can be reduced, and 
cost can be reduced. 

.[QX)45] Next, referring io Fig . B , -a xnagnetic iiaid gen- 
erator 1 00 as another embodiment of the present inven- 
tion, to be used for an MRI, comprises a pair of pole- 
piece units 102a, 102b facing each other with a space 
in between. The pole-piece unit 1 02a, 1 02b respectively 
include plate yokes 104a, 104b. 
[0046] The plate yokes 104a, 104b have respective 
surfaces facing each other and provided with permanent 
magnet groups 106a, 106b. The permanent magnet 
groups 106a, 106b have respective surfaces facing 
each other and provided with pole pieces 108a, 108b 
respectively fastened thereto. 

[0047] Each of the permanent magnet groups 106a, 
106b is made by stacking a plurality of unit-piece mag- 
nets 1 1 0 in three layers. Each of the unit-piece magnets 
1 1 0 is made of a cubic R-Fe-B magnet having a side of 
50 mm for example. 

[0048] The pole piece 108a includes a base plate 1 12 
made of disc-shaped iron for example, disposed on a 
main surface of the permanent magnet group 1 06a. The 
base plate 112 has a main surface provided with a sill- 
con steel plate 114 for preventing generation of eddy 
current. The silicon steel plate 114 is fixed with an ad- 
hesive onto the base plate 112. 
[0049] The base plate 112 has a circumferential por- 
tion formed with an annular projection 1 1 6, made of iron 
for example, for increasing magnetic field strength 
around the circumferential portion. The annular projec- 
tion 11 6 is formed essentially in the same way as In the 
annular projection 32, and includes a plurality of annu- 
lar-projection pieces 34 as shown in Fig. 3 for example. 
[0050] The outside surface of the annular projection 
116, i.e. the outside surface of each annular-projection 
piece 34, is mounted with a pemnanent magnet 118 for 
reduction of magnetic flux leakage. The permanent 
magnet 118 induces magnetic flux to concentrate be- 
tween the pole pieces 1 08a, 1 08b, and reduce the mag- 
neticf lux leakage. The pemnanent magnet 1 1 8 is formed 
Into a generally rectangular parallelepiped block by 



stacking a plurality of generally rectangular parallelepi- 
ped unit-piece magnets each made of a R-Fe-B magnet 
for example. Here, attention should be made to a mag- 
netizing direction A1 of the permanent magnet 118. As 

5 shown in Fig. 9, the permanent magnet 118 is formed 
sothatthe magnetizing direction A1 makes an acute an- 
gle with respect to the main surface 120 of the perma- 
nent magnet 118. Therefore, each of the unit-piece mag- 
net constituting the permanent magnet 118 is formed 

10 likewise so that the magnetizing direction thereof makes 
an acute angle with respect to a main surface of the unit- 
piece magnet. By disposing the pemnanent magnet 118 
so as to contact a main surface of the permanent mag- 
net group 1 06a, an outside surface of the base plate 1 1 2 

15 and the outside surface of the annular projection 116, 
the magnetizing direction A1 of the permanent magnet 
118 can be slanted with respect to the main surface of 
the permanent magnet group 106a. On an outside sur- 
face of the permanent magnet 1 1 8, the above described 

20 retaloar oiate 46 for example is disposeil* in this case, 
the permanent magnet 1 1 8 and the retainer plate 46 are 
fixed to the annular-projection piece 34, i.e. to the an- 
nular projection 11 6, by using a fixing screw for example. 
The same applies to the pole piece 108b. 

25 [0051] The plate yokes 1 04a, 1 04b are magnetically 
connected by two cylindrical column yokes 58, In the 
same manner as in the magnetic field generator 10 
shown in Fig. 1. The plate yokes 104a, 104b and the 
column yokes 58 are mutually connected and fixed to- 

30 gether by fixing bolts for example. 

[0052] The unit-piece magnets used in the permanent 
magnet 118 are manufactured by using a pressing ap- 
paratus 200 as shown in Fig. 1 0 for example. 
[0053] The pressing apparatus 200 comprises a pair 

35 of opposed yokes 202 (Only one yoke is shown in Fig. 
1 0.) The yokes 202 are surrounded by coils 204 respec- 
tively. By applying electric current to the coil 204, a mag- 
netic field is generated. 

[0054] A die 206 made of a nonmagnetic or weak- 

40 magnetic material is provided between the pair of yokes 
202. The die 206 is fomned with a plurality of vertical 
through holes 208. The through holes 208 each having 
a rectangular section are formed to slant at a magnet- 
izing angle e with respect to a magnetic orienting direc- 

45 tion B provided by the yokes 202. 

[0055] Between the pair of yokes 202, a die set 21 0 
is provided, sandwiching the die 206. Further, a base 
plate 212 is disposed to sandwich the die 206 and the 
die set 21 0 perpendicularly with respect to the magnetic 

50 orienting direction B. The die 206, the die set 210 and 
the base plate 21 2 have respective upper surfaces flush 
among each other. Further, on the base plate 212, a 
powder feeding box 214 containing a powder Is dis- 
posed movably toward and from the die 206. 

55 [0056] By using the pressing apparatus 200 as de- 
scribed above, the powder is magnetically oriented in 
the through holes 208 and pressed by unillustrated pairs 
of prismatic upper and lower punches into compacts. 
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The compacts are then sintered to become the unit- 
piece magnets each having a desired magnetizing an- 
gle e. The method of malting the magnet is disclosed in 
the U.S. Patent No. 4,770,723. 
[0057] Next, description will cover experiments con- 
ducted by using the magnetic field generator 1 00. 
[0058] The experiments were made under the follow- 
ing conditions : a thickness T1 of the permanent magnet 
group 106a, 106b was 150 mm; a total thickness T2 of 
the base plate 112 and the silicon steel plate 114 was 
65 mm; a height HI of the annular projection 116 was 
64 mm, a thickness T3 thereof was 65 mm; a height H2 
of the permanent magnet 118 was 80mm, a thickness 
T4 thereof was 120 mm; an inner diameter D1 of the 
annular projection 1 1 6 was 855 mm, an outer diameter 
D2 thereof was 983 mm; and a distance d between pole 
pieces 108a and 108b was 405 mm. With this arrange- 
ment, the uniform space having a shape of vertically flat- 
tened sphere is formed between the pole pieces 108a, 
1'Gob. 

[0059] First, in the magnetic field generator 100, the 
magnetizing angle G of the pemnanent magnet 118 was 
varied, and a horizontal diameter D3 of the unlfomi 
space and a center magnetic field strength thereof were 
measured. 

[0060] From Fig. 11 A, it is understood that the uniform 
space enlarges when the magnetizing angle 6 of the per- 
manent magnet 1 1 8 is increased. Thus, by disposing the 
permanent magnets 118 with the magnetizing angle 6 
slanted with respect to the main surfaces of the perma- 
nent magnet groups 106a, 106b, greater amount of 
magnetic flux can be introduced into an Imaging space, 
and the unifomn space can be increased. Therefore, the 
unifomn space can be increased without increasing the 
amount of permanent magnet 118 to be used and with- 
out increasing cost. Further, by adjusting the magnetiz- 
ing angle 9 , a desired unifomn space and center mag- 
netic field strength can be obtained. 
[0061] Next, in the magnetic field generator 100, the 
diameter of the pole pieces 108a, 108b and the thick- 
ness of the annular projection 11 6 were varied in accord- 
ance with the variation in the magnetizing angle G of the 
permanent magnet 1 1 8 so as to keep constant the hor- 
izontal diameter D3 of the uniform space, and the center 
magnetic field strength was measured. In this experi- 
ment, the permanent magnet groups 106a, 106b were 
not varied. 

[0062] As described above, the unifonn space enlarg- 
es when the magnetizing angle 8 is increased. There- 
fore, in order to make constant the diameter D3 of the 
unifonn space, the size of the pole pieces 108a, 108b 
should be decreased in accordance with the increase in 
the magnetizing angle 9 of the pemnanent magnet 1 1 8. 
By using this method, the magnetic field strength in the 
space can be increased. Thus, the permanent magnet 
1 1 8 can be used at an Increased efficiency, and in a case 
when generating a magnetic field of the same strength, 
the amount of magnet to be used can be decreased to 



the extent the magnetic field strength is increased. 
Therefore, it becomes possible to reduce cost and the 
weight of magnetic field generator 100. 
[0063] From Fig. 1 1 B, it is learned that if the magnet- 

5 izing angle G is within a range of 0 degree through 60 
degrees, the center magnetic field strength can be made 
not smaller than when the magnetizing angle 6 is 0 de- 
gree. Especially, if the magnetizing angle 6 is between 
10 degrees through 50 degrees, the center magnetic 

10 field strength can be not smaller than 0.42 T, becoming 
possible to obtain a stronger magnetic field. More pref- 
erably, the magnetizing angle 9 is between 15 degrees 
through 45 degrees. 

[0064] Further, from results of another experiment 

15 shown in Fig. 12, if the center magnetic field strength 
and the distance d between the pole pieces 1 08a, 1 08b 
are kept constant, with the magnetizing angle 9 being 
set at 30 degrees, it becomes possible to reduce the 
total weight of the magnet to 2313 kg, which is lighter 

i^o by 100 kg than when the magnetizing angle 9 is 0 de- 
gree; and by 61 0 kg than when the permanent magnets 
118 are not provided. In this experiment, the diameter 
D3 of the uniform space was 400 mm. Therefore, 
weights of the plate yokes 1 04a and 1 04b can be re- 

25 duced. 

[0065] The magnets used as the permanent magnets 
118 have the magnetizing direction A1 already slanted. 
Therefore, by only disposing the pemnanent magnets 
1 1 8 directly on the main surfaces of the permanent mag- 
30 net groups 106a, 106b, disposition of the permanent 
magnets 1 1 8 for reduction of magnetic flux leakage hav- 
ing a desired magnetizing angle 9 can be carried out 
easily. 

[0066] Further, a magnetic field generator 100a as 

35 shown in Fig. 13 may be used. 

[0067] According to the magnetic field generator 
100a, a permanent magnet 124 is used as the perma- 
nent magnet for reduction of magnetic flux leakage In- 
cluded In the pole pieces 122a, 122b. The permanent 

40 magnet 124 has a magnetizing direction A2 in parallel 
or vertical to each surface of the permanent magnet 1 24. 
In this case, members 1 26 and 1 28 each having a trap- 
ezoidal section are used in order to dispose the perma- 
nent magnet 124 so that the magnetizing direction A2 

45 of the pemnanent magnet 1 24 is slanted with respect to 
the corresponding main surface of the permanent mag- 
net groups 1 06a, 1 06b. Other arrangements are essen- 
tially the same as in the magnetic field generator 100 
shown in Fig. 9, and therefore will not be repeated here. 

50 [0068] According to the magnetic field generator 
100a, the permanent magnets 124 themselves are 
slanted at the desired angle with respecttothe main sur- 
faces of the respective permanent magnet groups 1 06a, 
106b. Therefore, a pemnanent magnet magnetized in 

55 any direction can be used as the pemnanent magnet for 
reduction of magnetic flux leakage. Particularly, a com- 
monly available permanent magnet magnetized in a di- 
rection in parallel or vertical to each surface thereof can 
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be used, making possible to easily obtain the permanent 
magnets for reduction of magnetic flux leakage. Further, 
the same effect as in the magnetic field generator 1 00 
can be obtained in the magnetic field generator 100a. 
[0069] It should be noted here that alternatively, the 
outside surface of the annular projection 116 may be 
slanted, and the permanent magnets 118 and 124 for 
reduction of magnetic flux leakage may be installed to 
the slanted outside surface. In this case again, the same 
effect as in the magnetic field generator 1 00 can be ob- 
tained. 

[0070] Further, the column yoke in the present inven- 
tion includes a plate-like column yoke such as disclosed 
in the U.S. Patent Application S.N. 09/386,146. 
[0071] The present invention can also be applied to a 
magnetic field generator comprising a single column 
yoke. 

[0072] The present invention being thus far described 
and illustrated in detail, it is obvious that these descrip- 
tion and drawings only represent an example of the 
present invention, and should not be interpreted as lim- 
iting the invention. The spirit and scope of the present 
invention is only limited bywords used in the accompa- 
nied claims. 



Claims 

1 . A Pole-piece unit comprising: 

a plate yoke; 

a permanent magnet group provided on a main 
surface of the plate yoke; and 
a pole piece provided on a main surface of the 
permanent magnet group; 

wherein the pole piece includes an annular 
projection having a plurality of annular-projection 
pieces, and a permanent magnet for reduction of 
magnetic flux leakage provided on an outside sur- 
face of each of the annular-projection pieces. 

2. A magnetic field generator comprising a pair of 
pole-piece units and a column yoke magnetically 
connecting the pair of pole-piece units, wherein 

each of the pole-piece units includes a plate 
yoke, a permanent magnet group provided on 
a main surface of the plate yoke, and a pole 
piece provided on a main surface of the pemria- 
nent magnet group, 

the pole piece including an annular projection 
having a plurality of annular-projection pieces, 
and a pemianent magnet for reduction of mag- 
netic flux leakage provided on an outside sur- 
face of each of the annular-projection pieces. 

3. A method for assembling a pole-piece unit, com- 



prising: 

a first step of fixing a pemnanent magnet onto 
an outside surface of an annular-projection 
5 piece; and 

a second step of fixing the annular-projection 
piece already mounted with the permanent 
magnet onto a main surface of a base plate. 

10 4. The method according to Claim 3, wherein 

the annular-projection piece has a guide hole, 
the second step including a step A for attaching 
a guide stake to the base plate, and a step B 
15 for guiding the annular-projection piece already 

mounted with the permanent magnet to the 
main surface of the base plate, by inserting the 
guide stake into the guide hole. 

20 5. A methodfor assembling a pole-piece unit including 
an annular-projection piece having a flat outside 
surface, wherein 

a permanent magnet is slid on the outside sur- 
face for fixation of the permanent magnet to a de- 

25 sired position on the annular-projection piece. 

6. A magnetic field generator comprising: 

a plate yoke; 

30 a permanent magnet group provided on a main 

surface of the plate yoke; and 
a pole piece provided on a main surface of the 
permanent magnet group; wherein 
the pole piece includes an annular projection 

35 and a permanent magnet for reduction of mag- 

netic flux leakage provided on an outside sur- 
face of the annular projection, the permanent 
magnet for reduction of magnetic flux leakage 
being disposed, with a magnetizing direction 

40 thereof being slanted with respect to the main 

surface of the pemnanent magnet group. 

7. The generator according to Claim 6, wherein the 
permanent magnet for reduction of magnetic flux 

45 leakage is generally rectangular parallelepiped, the 
magnetizing direction making an acute angle with 
respect to a main surface of the permanent magnet. 

8. The generator according to Claim 6, wherein the 
50 pemnanent magnet for reduction of magnetic flux 

leakage is generally rectangular parallelepiped, be- 
ing slanted with respect to the main surface of the 
permanent magnet group. 

55 9. The generator according to Claim 6, wherein a di- 
mension of the pole piece is determined in accord- 
ance with a magnetizing angle of the permanent 
magnet for reduction of magnetic flux leakage. 
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10. The generator according to Claim 9, wherein the 
magnetizing angle of the permanent magnet for re- 
duction of magnetic flux leakage is greater than 0 
degree and smaller than 60 degrees. 
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FIG. 1 1 A 
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(54) Pole-piece unit for an IVIRI magnet 

(57) A magnetic field generator comprises a pair of 
pole-piece units. Tlie pair of pole-piece units respective- 
ly Include plate yokes. Each of the plate yokes includes 
a surface facing the other's and provided with a perma- 
nent magnet group and a pole piece. The pole piece in- 
cludes an annular projection having a plurality of annu- 
lar-projection pieces and a permanent magnet for re- 
duction of magnetic flux leakage installed on an outside 
surface of each annular-projection piece. When assem- 
bling the pole piece, first, the permanent magnet for re- 
duction of magnetic flux leakage is fixed on the outside 
surface of each annular-projection piece. At this time, 
the pennanent magnet is slid on the flat outside surface 
of the annular-projection piece, to a desired position on 
the annular-projection piece, and then fixed. Each of the 
annular-projection pieces mounted with the permanent 
magnet is fixed on a base plate. At this time, the annular- 
projection piece Is lowered on a guide stake attached 
on the base plate, allowing the stake into a guide hole 
fornied in the annular-projection piece, thereby guiding 
the annular-projection piece onto the base plate. The 
pair of pole-piece units are magnetically connected by 
a column yoke. The permanent magnet for reduction of 
magnetic flux leakage may be disposed with a magnet- 
izing direction thereof being slanted with respect to a 
main surface of the permanent magnet group. 
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